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ABSTRACT

A structural steel member and composite panel includ-
ing the same and having a sheet of industrial steel hav-
ing formed therein a pattern of dome-like projections,
extending from the plane of the sheet, and of which at
least the major portion of each projection is substan-
tially circular in plan view and the projections are ar-
ranged in a geometric pattern that substantially limits
the elongation of the material to the areas defined by the
circular configurations, the dome-like projections also
having formed in the peak areas thereof small truncated
cones having a flattened uppermost planar surface, par-
allel to the original plane of said sheet, providing supe-
rior overall depth and increased resistance to crushing.
When employed in the form of a composite panel, a flat
load bearing steel sheet extends across and is fixed to the
flattened surfaced of the peak areas, such as by welding,
and affords advantageous union of the sheets to form
such a composite panel, suitable for use, such as in the
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STRUCTURAL MEMBER WITH TRUNCATED
CONICAL PORTION AND COMPOSITE PANEL
INCLUDING SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention essentially comprises an im-
provement over prior U.S. Pat. No. 4,203,268 issued
May 20, 1980, and the present inventors include two of
the patentees of the invention covered by such patent.

2. Description of the Prior Art

In the ever present search for ways to minimize cost
of producing various objects, savings in the amount and
cost of material used therein is a fruitful area to effect
savings, especially if quality of the product can be main-
tained or increased. Constant increases in the cost of
steel has given rise to seeking ways to reduce the
amount of steel used especially in the access floor panels
to which said prior patent primarily pertains.

From an engineering standpoint, when two sheets of
steel are attached in parallel but vertically spaced rela-
tion to constitute a composite panel unit in which the
upper sheet is flat and is subjected primarily to compres-
sion, while the lower one is subjectéd to primarily to
tension, the greater the distance between said sheets, the
thinner at least the lower tension sheet can be.

In the prior U.S. Pat. No. 4,203,268 such spacing of
the compression and tension sheets is effected advanta-
geously by employing circular dome-like projections as
shown in FIG. 1A extending upwardly from the bottom
tension sheet and welding the uppermost curved section
of each dome to the top compression sheet, the projec-
tions being arranged in certain advantageous geometric
patterns. This arrangement afforded certain advanta-
geous resistance to deflection of the panels due to static
or mobile loads, while minimizing the thickness of the
sheets to afford acceptable operational requirements
and specifications. The search for further savings in
materials never ceases, however, and the present appli-
cants know that increasing the depth or space between
the compression and tension sheets in the composite
structural unit will improve resistance to flexure and
thus allow for reductions in material required. It was
also known that as the depth of the dome-like projec-
tion is increased, the material thins due to stretching and
consequently the resistance to crushing is lessened. In
addition the applicants know that an optimum shape to
resist crushing is a truncated cone as shown in FIG. 1B.
It has been discovered, however, that a combination
can be provided in the dome-like projections, as illus-
trated in the aforementioned patent, which provides
increased overall depth as well as resistance to crushing.
This resistance to crushing can be increased by forming
a substantially flat surface on the uppermost peak of the
projections of a diameter much less than that of the
circular domes.

The truncated cone provides a larger area of support
to distribute the load, thus allowing thinning of material
due to providing increased depth by stretching without
detrimentally affecting the ability of the dome to resist
crushing.

The mere use of flat surfaces on the peaks of circular
or other shapes of pyramidal type spacing members
between parallel structural sheets is old, as shown by
the following prior U.S. Patents:

U.S. Pat. No. 2,391,997, Noble, Jan. 1, 1946
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3,011,602, Enstrud et al., Dec. 5, 1961
3,025,935, Enstrud, Mar. 20, 1962
3,071,216, Jones et al., Jan. 1, 1963
3,196,763, Rushton, July 27, 1965
3,258,892, Rushton, July 5, 1966
. Pat. No. 3,527,664, Hale, Sept. 8, 1970
. Pat. No. 3,876,492, Schott, Apr. 8, 1975

It was found that such use of truncated cone arrange-
ments as employed on the above listed patents greatly
limits the height of such cones, even though having flat
peak surfaces. Hence, the invention of prior U.S. Pat.
No. 4,203,268 was recognized as being patentable over
that type of spacing members, due to the use of dome-
like projections, especially to resist crushing, together
with effective dimensional spacing to minimize the
thickness of the sheets and especially the tension sheet.

It has now been discovered by the present applicants
that combining the advantages of the depth obtainable
by using a dome-like projection, and further including a
truncated cone with the flat plane parallel to the origi-
nal plane of the sheet serves to greatly increase resis-
tance to crushing and provides improved assembly and
these improvements also provide a basis for conditions,
further effecting a highly desirable increase in the over-
all height of the projections by structural changes de-
scribed hereinafter, whereby still further savings may
be achieved, in particular, by decreasing the thickness
of at least the lower tension sheet.

SUMMARY OF THE INVENTION

It is therefore the object of the present invention to
provide this combination of improvements in a sheet of
structural material to form a tension sheet, as well as a
composite structural panel including the same therein.

It is among the principal objects of the present inven-
tion to provide a sheet of structural material having
formed therein a pattern of dome-like projections ex-
tending from the plane of the sheet and arranged in a
strategic geometric pattern, such projections including
in the peak areas, thereof, a relatively small truncated
cone extending upward and having the upper flattened
planar surface parallel to the original plane of the sheet
to further increase the overall effective height of the
projections to increase strength to weight ratios.

Another important object of the invention is to pro-
vide the truncated cone with smoothly rounded edges
where the flat surface is connected to the side wall of
the cone and said sidewall is connected to the peak of
the dome, all in a manner to provide maximum resis-
tance to crushing.

A still further object of the invention is to form the
dome-like projections initially in the structural sheet by
forming and stretching the sheet only in the areas occu-
pied by the dome, and then forming the truncated cones
in the uppermost surfaces of the dome-like projections
by further stretching the uppermost surfaces of the
domes to include a flat uppermost surface in the trun-
cated cone, the base of which provides a larger area of
support to distribute the load to the portion of the dome
which surrounds the truncated cone.

It is still another object of the invention to form the
substantially circular wall of each truncated cone so as
to be substantially S-shape in cross-section and thereby
provide increased resistance of the truncated cone to
crushing by applied compressive loads.

A still further object of the invention is to form a
structural unit comprising a flat sheet fixedly connected
to the flat top surfaces of the aforementioned truncated

U.S. Pat.
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cones on the dome-like projections and thereby utilize
the increased depth of the domes to improve the resis-
tance of the structural unit to deflection by applied
loads when the flat sheet is substantially subjected to
compression and the sheet embodying the dome-like
. projections is subjected substantially to tension.

An additional object of the present invention is to
provide a sheet -wherein the ratio of the diameter of the
flattened uppermost surface of the truncated cone to the
diameter of the dome-like projection is from 1:16 to 1:2
inclusive and the ratio of the overall depth from the
base of the truncated cone to the plane of the sheet to
the diameter of the dome-like projection is from 1:4.28
to 1:2.14 inclusive.

It is still another object of the invention to arrange
said dome-like projections in said sheet of structural
material in a pattern in which rows of equally spaced
pairs of in-like properties are interwoven perpendicu-
larly with others such rows of pairs in a basket weave
fashion so that the portion of a centerline of a row of
pairs of projections that lies between two aligned pairs
bisects the pairs thereof in transverse rows and has
sufficient density to block straight lines of clear vision
repeatedly in all directions across the sheet to form a
one piece rigid structural member capable of resistance
to flexure and the portions of the member which are
intermediately between the projections including con-
tinuous structural ribbon like stress sections of fluctuat-
ing width and arcuate in plan view capable of optimiz-
ing stress resisting integrity.

One further object of the invention ancillary to the
foregoing objects is also to arrange the dome-like pro-
jections combined in groups of four arranged in a thom-
bus pattern and adjacent rhombus patterns being posi-
tioned in close perpendicular basket weave orientation
and thereby locating the projections to repeatedly block
said clear lines of vision as aforesaid.

A still further object is utilization of this composite
structural member in the fabrication of access floor
panels wherein the perimeter of the structural member
has the outer edge portions formed at right angles to the
member to provide a continuous bracing flange around
the panel of a given finite size to provide a panel which
can be selectively supported at the edges of corners
thereof and which can accept substantially uniform or
concentrated loads, such as those seen in access flooring
applications.

A still further object of the invention is to provide an
integral perimeter lip bent outward from said peripheral
bracing flange to provide an additional connection be-
tween the member and the top sheet which is utilized as
a stiffened lip by which the access floor panel can be
selectively supported at the corners or along the perim-
eter to develop an access floor system in combination
with pedestals and/or stringers.

A still further object of the invention is to provide the
peripheral bracing flange with a greater transverse
depth relative to the intermediate portion of the struc-
tural member between the projections, and in which the
depth is greater than the height of the projections and a
portion extending in the opposite direction from the
projections and another portion extending in the same
direction as the projections to provide a perimeter of
increased strength and resistance to flexure, especially
when utilized as an access floor panel without the use of
secondary members, such as stringers or more compli-
cated panel-to-panel hard connecting devices to pre-
vent edge-to-edge movement.
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Another object is to form said structural member in
such manner that all surfaces of the projections and the
junctures thereof with the intermediate structural stress
sections in the original plane of the sheet are free from
sharp edges or bends whereby there are no areas or
portions in the sheet which include corners or other
shapes which normally tend to pucker or otherwise
resist formation of smoothly stretched areas when
formed from planer sheets and subjected to shaping by
dies.

BRIEF DESCRIPTION OF THE DRAWINGS

Various other objects, features and attendant advan-
tages of the present invention will be more fully appre-
ciated as the same becomes better understood from the
following detailed description when considered in con-
nection with the accompanying drawings in which like
reference characters designate like or corresponding
parts through the several views and wherein:

FIGS. 1A and 1B show conventionally shaped sheet
projections;

FIG. 2 shows a cross-section of the sheet with a
dome-like projection having a truncated cone in accor-
dance with the present invention;

FIG. 3 is a plan view of a fragment of a structural
member embodying the principles of the present inven-
tion in which one embodiment of dome-like projections
with truncated cones are formed, said figure illustrating
diagrammatically broken lines tracing arcuate struc-
tural stress sections of said member, which are ribbon-
like;

FIG. 4 is a fragmentary vertical sectional view of the
structural member shown in FIG. 1, as seen on the line
IV—IV thereof;

FIG. 5 is a fragmentary sectional view similar to
FIG. 4 but showing the cross-section of the member
shown in FIG. 1, as seen on the line V—V thereof;

FIG. 6 is a fragmentary sectional view of a panel
embodying the structural member shown in FIGS. 3-5
but to which a fragmentarily illustrated section of a top
planar sheet has been affixed and said illustration being
on a larger scale than in the preceding figures;

FIG. 7 is a fragmentary vertical sectional view simi-
lar to FIG. 6 but illustrating another embodiment of
reinforcing flange from that shown in FIG. 6;

FIG. 8 is a fragmentary bottom plan view of a corner
of the panel illustrated in FIG. 6 but shown on a smaller
scale than employed in said figure;

FIG. 9 is a view similar to FIG. 8 but showing a
corner of the panel illustrated in FIG. 7 and using a
smaller scale than employed in FIG. 7,

FIG. 10 is a bottom plan view of another embodiment
of panel similar to that shown in FIGS. 3-7 and in
which the structural member shown in said figures has
been included in said panel, said view also showing
diagrammatically the portions of centerlines of a row of
pairs of projections that lie between two aligned pairs
bisecting the pairs thereof in transverse rows in the
perpendicular basket weave arrangement of rows of
pairs of said projections;

FIG. 11 is a diagrammatic view of a section of a
structural member similar to that shown in FIGS. 2-5
and illustrating by outline, rhombus figures extending
between the centers of clusters of four projections and
the pattern of said outline illustrating a basket weave
pattern in which said clusters of projections are dis-
posed;
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FIG. 12 is a fragmentary sectional view of a struc-
tural unit similar to FIG. 6 but in which the bracing
flange is shown abutting the top sheet adaptable for
direct connection thereto;

FIG. 13 is a view similar to FIG. 12 but in which the
depth of the flange is greater than the height of the
projections; and

FIG. 14 is a graph illustrating a comparison of crush-
ing load versus dome reduction due to load.

DETAILED DESCRIPTION

The most important part of the present invention
comprises a one-piece structural member formed from a
sheet of industrial material which, preferably comprises
metal, such as steel, for example, but for certain applica-
tions of the invention, other industrial material, such as
certain plastics, may be employed. Particularly when
made from metal, a sheet of such industrial materials is
subjected to appropriate punches and dies respectively
for forming a plurality of any one of a number of differ-
ent shapes, kinds, and patterns of projections, details of
which are described hereinafter, said projections prefer-
ably extending from one surface of the sheet of material
and all the upper ends of said projections preferably
being substantially within the same plane. Except for
the integral edge construction which may be formed
simultanecusly from within said sheet, all surfaces of the
major portion of the sheet are smoothly curved and are
free from sharp angles or bends which otherwise would
comprise corners or other shapes which normally tend
to pucker or resist formation of smoothly stretched
areas when formed from a planar sheet and subjected to
shaping by such punches and dies. Except for the possi-
bility of forming a limited number of holes or openings
in the sheet, such as for the transmission of air in certain
applications of the invention, the formed sheet is sub-
stantially imperforate.

To provide an understanding of certain terms used in
the specification and claims of this application, the fol-
lowing definitions are set forth:

DEFINITIONS

1. Truncated Cone—A cone having the apex re-
placed by a plane section especially by one parallel to
the base.

2. Peak Areas—The areas of the dome-like projec-
tions near the top of the projection that are nearly paral-
lel to the original plane of the sheet prior to forming.

3. Flaitened Uppermost Surface—The surface devel-
oped at the top of the truncated cone on the dome-like
projection which-is parallel to the original plane of the
sheet prior to forming and which has been set in orienta-
tion by coining of the material between a punch and die
for optimum performance in resistance to crushing.

4. Resistance to Crushing—Ability of a structural
member to accept compressive loads without yielding
locally or catastrophically throughout the structure.

5. Stress Section—The portion of the structural mem-
ber between the projections designed to withstand ten-
sile and compressive stresses.

6. Structurally Strategic Geometric Pattern—The
dimensional relationship and orientation of projections
in which the following five major characteristics are
strategically interrelated; .

1. depth of projection for needéd section modulus and

moment of inertia;

2. diameter of projections to obtain needed depth;
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3. distance between the centerlines of projections for
adequate top sheet support;

4. strategic positioning of projections to repeatedly
block clear lines of vision throughout the member;
and

5. remaining bottom surface material adequate to
perform as a stress member and also provide neces-
sary section modulus and moment of inertia.

7. Structural Unit—A unit of two or more members,
which when combined provide a substantial increase in
section modulus and strength-to-weight ratio over these
same properties of the individual members.

8. Substantially hemispherical dome-like projection-
s—projections having radiused contours in all direc-
tions of one or a combination of radii to provide arches
for top sheet support and to develop optimum height
for increased section modulus.

9. Fixedly secured—Any means causing two mem-
bers to work together as a composite unit, such as weld-
ing, riveting, use of structural adhesives, direct fusion or
other known methods.

10. Optimization of Support—providing specific den-
sity of projections in a base sheet of material, such that
they prevent localized indentation of the top sheet
when used as a composite unit, providing frequency of
load transfer from the top sheet to the structural mem-
ber and minimizing top sheet thickness while optimizing
strength-to-weight ratio of the unit.

11. Straight Lines of Vision—visible longitudinal
openings providing direct open paths through a com-
posite section around which the section can bend or flex
and through a member around which the member can
flex. Increased frequency of blockage is directly pro-
portional to increased resistance to flexure.

12. Rhombus Pattern—geometric pattern of an equi-
lateral parallelogram having oblique angles wherein the
centers of the projections are located at corners of a
rhombus.

13. Basket weave orientation—the combination of
patterns of pairs of projections or elongated configura-
tions interlaced or intermeshed and in which one pat-
tern is perpendicular to an adjacent pattern so that a
straight line of sight therebetween is intercepted, thus
providing a unique pattern of location and density for
sufficient top sheet support and optimum strength-to-
weight ratio. :

14. Arcuate structural stress members—stress mem-
bers between the projections of the sheet, sinuous in
shape and held in their configuration when under stress
by the circular ends by the projections acting to resist
deformation and tendency to straighten.

15. Continuous Bracing Flange—the edge termina-
tion of a member of finite size and perpendicular thereto
which provides continuous built-in means of edge stiff-
ening.

16. Peripheral Lip—the return of the outermost edge
portion of the continuous bracing flange to dispose it in
the same plane as the terminal ends of said projections
and when affixed to a top sheet, provides a means of
selectively supporting a panel at the corners and/or
edges thereof.

17. Greater transverse depth—additional depth pro-
vided at the edge termination of a member of finite size,
the depth being deeper than the projections and provid-
ing added edge stiffness.

18. Isotropic—load-resisting properties of a compos-
ite unit having substantially the same values when mea-
sured along axes in all directions and which is substan-
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tially free from directional weakness when the unit is
penetrated by holes, cutouts, and the like.

19. Structural Efficiency—the efficient design and
utilization of structural components in such a way as to
permit the use of shallower sections and thinner materi-
als in lieu of deeper sections and heavier materials while
developing equal or better moment of intertia and/or
more balanced section modulus. Relative structural
efficiencies of two units expressed as a percentage, the
units under the same load and support conditions, is
determined by the following formula:

Deflection Unit #1
Deflection Unit #2

Mass weight Unit #1
X Mass weight Unit #2

Section depth Unit #1
Section depth Unit #2

20. Hoop Stress—Tensile or compressive stress in a
circular member acting circumferentially. Because of
symmetry of the member, there is no tendency for any
part of the circumference.to depart from the circular
form under load as long as the hoop stress remains
below the yield point of the material.

21. Directional Weakness—appreciable loss: of
strength in a structural unit caused by planes of flexural
weakness that are developed by penetration of the
structural unit and around which planes the unit readily
flexes relative to flexture in other directions.

22. Strength-to-Weight Ratio—ratio of the mathe-
matical product of deflection times mass for one unit
compared to the same ratio for a second unit. The
strength-to-weight ratio is used to determine minimum
weight consistent with the geometry of the unit re-
quired to maintain the integrity of the unit to resist
flexure. Relative strength-to-weight ratios of two units
expressed as a percentage—said units under the same
load and support conditions is determined by the fol-
lowing formula:

Deflection Unit #1
Deflection Unit #2

Mass weight Unit #1
X Mass weight Unit #2

X 100

23. Substantially circular in plan view—being circu-
lar or of similar shape in general while providing ability
to obtain optimum depth.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring initially to FIG. 2 shown therein is a cross-
sectional view of a sheet 10 with a dome-like projection
12 having a truncated cone 31 formed in a peak area
thereof. Sheet 10 includes a pattern of dome-like projec-
tions 12 extending from the plane of sheet 10 and
wherein at least a major portion of the configuration of
each dome-like projection 12 is substantlally circular in
plan view.

The dome-like projections 12 in the plane of sheet 10
are shown in FIGS. 4 and 5, for example, as being ar-
ranged in a geometric pattern that limits the elongation
of the material to the areas defined by the substantially
circular configurations. Each of the dome-like projec-
tions 12 has a truncated cone 11 formed in the peak area
thereof and includes a flattened uppermost surface 13
parallel to the plane of sheet 10 so as to increase overall
depth and resist crushing as well as facilitating assembly
of the sheet.
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A circular wall portion 15 serves to connect planar
flattened uppermost surface 13 of the truncated cone 11
to an adjacent upper portion of dome-like projection 12
from which truncated cone 11 is distended. Circular
wall 15 is substantially S-shaped in cross-section and

i -developes a distinctness of contour which is established

such that it provides an additional depth Drcand trans-
fers compressive loads from the flattened uppermost
surface 13 of truncated cone 11 to a portion 17 of dome-
like projection 12 surrounding a base portion 19 of trun-
cated cone 11 to the extent that experiments have
shown that the first yielding in compression occurs in
the portion 17 of the dome-like projection 12 surround-
ing the truncated cone 11. Peak area PA is shown as
being nearly parallel to the original plane of sheet 10.
In accordance with the present invention, it has been
determined that the functional dimensional relation-
ships of various features of the dome-like projection and
truncated cone 11 are such that the ratio of the diameter
dr of the flattened uppermost surface 13 of the trun-

catéd cone 11 to the diameter d of the dome-like projec-

tion 12 is from 1:16 to 1:2 inclusive. Furthermore, the
functional ratio of the overall depth D, from the lower
surface 21 of truncated cone 11 to the plane of sheet 10
to the diameter d of the dome-like projection has been
determined to be from 1:4.28 to 1:2.14 inclusive. D
represents the distance from base 19 of truncated cone
11 to the plane of sheet 10. As an example, the range of
thickness of sheet 10 in FIG. 2 can be from 0.03" to
0.060" while dp=0.375", D=0.890", D1c=0.040" and

Cd=2.125".
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Referring to FIG. 3, there is shown therein a frag-
mentary section of sheet 10 of structural material,
which initially is planar and the same is subjected to a
set of dies to form therein the plurality of projections 12

- 'which, as will be seen from FIGS. 4 and 5, are dome-

shaped and are substantially circular in plan view. This
arrangement provides one embodiment of projections
which adapts itself as being disposed in patterns, such as
shown in one exemplary manner in FIG. 3, in which the
projections are in close relationship to each other and
therefore, are frequently disposed throughout the sheet,
in rows of pairs of equally-spaced in-line projections
that are interwoven perpendicularly in basket weave
fashion, and as further illustrated diagrammatically by
dotted lines in FIG. 10, the portions of a centerline of a
row of pairs that lies between two aligned pairs bisects
the pairs thereof in rows transverse thereto. Such pro-
jections are spaced a limited distance from each other so
as to provide therebetween sections of the original sheet
which are arcuate as indicated by the exemplary, some-
what sinuous diagrammatic line 14, which outlines the
intermediate continuous planar structural ribbon-like
stress sections 16 of the original sheet 10.

It also will be observed from FIG. 3 that the projec-
tions 12 are arranged in the sheet in such manner that
only a limited number, such as pairs of evenly spaced
projections are disposed in what might be considered a
straight line and, preferably, the projections are dis-
posed in patterns in which a preferred arrangement,
such as a perpendicular basket weave configuration,
shown dlagrammatlcally in FIG. 10, which also, as
shown in FIG. 11, constitute rhombus configurations
denoted by the diagrammatic patterns 18 which extend
between the centers of the projections 12, and it will be
seen that said patterns touch each other at points,
whereby the illustration clearly shows the relatively
saturated occurrence of the projections 12 within the
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sheet 10, while at the same time, permitting the occur-
rence of the intermediate stress sections 16 between the
individual, adjacent projections 12. Most importantly,
however, it will be seen that the patterns 18 of the pro-
Jjections 12 comprise a structurally strategic geometric
pattern of a density which repeatedly blocks straight
lines of clear vision in all directions across the sheet and
thereby, in accordance with a major objective of the
- present invention, this feature provides maximum rigid-
ity to the structural member including sheet 10 with the
projections 12 formed therein due to the interrelation-
ship of the diameter of the projections and the center-
to-center distance between adjacent projections.

Another advantage of forming the projections 12 in
dome-like configuration of a thickness no greater than
that of the original sheet is that the same are readily
capable of being formed to a substantial height from the
original plane of the sheet 10 in which, for example, the
intermediate stress sections 16 are disposed as shown in
exemplary manner in FIG. 6, and also in FIG. 7,
whereby the uppermost portions of the projections 12
are thinner than the lower portions thereof, while the
intermediate stress sections 16 preferably retain opti-
mum material, therby providing maximum stress-resist-
ing capabilities. Further, the formed structural member
comprising the sheet 10 with the projections 12 formed
therein may be produced by a simple form die arrange-
ment. The shape of the projections 12 also is capable of
being formed without rupture or shearing and, if de-
sired, the resulting product may be imperforate. How-
ever, particularly when the structural member is em-
ployed in either a structural unit or finished structural
panel through which, for example, cable cutouts or the
like are desired, the structural member per se may be
provided with suitable openings of limited diameter in
appropriate locations through both the intermediate
stress sections 16 or the outer ends, for exampled, of the
projections 12, when desired, without detracting from
the stress-resisting capabilities of the structural member,
due to the isotropic properties of the unit.

In most applications of the invention, the structural
member comprising the sheet 10 and the projections 12
formed therein is combined with a second planar sheet
20. Due to the fact that the flattened uppermost surface
13 of the projections 12 are substantially within a com-
mon plane, when the sheet 20 is abutted commonly with
flattened upermost surface 13, it may be secured to said
upper ends by any appropriate means, such as welding,
rivets, industrial adhesives, direct fusion, or any other
known means of suitable nature, by which the planar
sheet 20 is fixedly connected to flattened uppermost
surface 13. This results in producing a structural unit
which finds a most useful application when formed into
a composite panel, several preferred embodiments of
which are illustrated fragmentarily respectively in
FIGS. 6 and 7 in vertical section and, correspondingly,
and respectively, in FIGS. 8 and 9, in which fragmen-
tary corners of a composite structural panel 22 of one
embodiment, and a second embodiment 24 thereof, are
shown in bottom plan view.

To form said composite panel, the edges of a finite
shape and size of the sheet 10 with the projections 12
therein are bent upwardly at a right angle to form a
reinforcing bracing flange 26 which has the same verti-
cal dimension as the height of the projections 12 and
truncated cones 11 and, additionally, in the embodi-
ments shown in FIGS. 6-9 and 10, the terminal edge
portion of the bracing flange 26, which is continuous
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10

around all four sides of the composite panel, is bent
outwardly at a right angle thereto to form preferably a
continuous lip 28, the upper surface of which is in a
plane common with that of the upper ends of the pro-
jections 12, whereby the second planar sheet 20 com-
monly abuts the upper surface of the lip 28 and the
flattened uppermost surface 13 of each truncated cone
11 of the projections 12, it being understood that the
planar sheet 20 also will be of substantially the same
finite shape and size as that of the embodiment of struc-
tural member 30 to which it is fixedly connected.

As can be visualized from the illustration of the oc-
currence of the projections 12 within the sheet 10 of the
structural member 30, especially as seen from FIG. 3,
there is very frequent support afforded the second pla-
nar sheet 20, whereby a sheet of substantially reduced
thickness may be utilized and still permit the same to
afford resistance to indentation even by localized loads
when applied to the planar sheet 20 of the composite
structural panel 22 and the structurally strategic geo-
metric pattern which embodies the unique relationship
between the diameter of the projections and the center-
to-center distance therebetween so as to provide in-
creased resistance to deflection relative to strength-to-
weight ratio and structural efficiency, even when sub-
jected to substantial loads of either a uniform or concen-
trated nature.

Referring to FIGS. 7 and 9, the composite structural
panel 24 shown therein is similar to the panel shown in
FIGS. 6 and 8, except that the bracing flange 32 thereof
is of a greater depth than the height of the projections
12 and this is formed by means of depressing the periph-
eral sections 34 of the additional embodiment of struc-
tural member 36 from the remaining portions of the
basic sheet 10 in a direction opposite to that from which
the projections 12 extend, thereby producing a portion
which extends oppositely to projections 12 and said
bracing flange 32 is another portion which extends in
the same direction as the projections 12 and is of greater
vertical dimension than the flange 26 in the embodiment
of FIG. 6. The resulting composite structural panel 24,
shown in FIGS. 7 and 9 particularly adapts this embodi-
ment of structural panel to provide support, especially
by the corners thereof. This eliminates the need for
supporting stringers between suitable pedestals, which,
for example, are required in an elevated floor such as a
so-called access floor in which a plurality of such struc-
tural panels are employed as floor panels and, under
which circumstances, many available structural panels
presently in use do not have the required rigidity along
the edges thereof.

Notwithstanding the fact that the intermediate stress
sections 16 of the embodiments of the invention shown
in the foregoing figures are arcuate and somewhat sinu-
ous in plan view, said stress sections are maintained in
said configuration and are capable of not being moved
therefrom when subjected to stress due to the fact that
the circular configuration of the projections 12 in cross-
section converts load stress to hoop stress adjacent to
the opposite sides of said stress section. As can be seen,
especially from FIG. 3, the arcuate intermediate stress
sections 16 extend substantially around all sides of the
circular projections 12 and thereby utilize the hoop
stress property of such projections advantageously for
the stated purpose with respect to the stress sections 16.

A more comprehensive concept of the several em-
bodiments of composite panels is represented and illus-
trated in the several embodiments shown in the preced-
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ing figures. Attention is directed to FIG. 10, in which
the composite structural panels 22 and 24 are shown in
bottom plan view.

A rhombus arrangement having a basket weave pat-
tern can be visualized from the diagrammatic illustra-
tion of FIG. 10 in which pairs equally spaced separate
projections, also shown in FIG. 3, are illustrated in such
basket weave pattern in which rows of pairs of equally-
spaced-in-line projections are interwoven perpendicu-
larly relative to each other in such manner that the
portion of a centerline of a row of such pairs of projec-
tions that lies between two aligned pairs bisects the pairs
thereof in transverse rows.

For certain applications of the invention, it is con-
ceivable that a pair of any of the above-described struc-
tural members may be disposed in abutting relationship
with the projections 12 disposed in axial alignment
fixedly connected together to provide composite struc-
tural members having very substantially rigidity and
ability to resist flexure when loads are applied against
either of the outer surfaces thereof.

Still another embodiment of the invention is illus-
trated in FIGS. 12 and 13. This embodiment comprises
terminating the bracing flanges 26 and 28 in these re-
spective structural members and composite structural
panels at the upper ends and omit the lip 28 thereon,
thus butting the upper ends of the flanges directly
against the adjacent surfaces of the top planar sheets 20
in said members and panels and connecting said upper
ends of the flanges fixedly to the perimeters of said top
planar sheets which also terminate at the vertical plane
of the outside surfaces of said bracing flanges, as clearly
shown in FIGS. 12 and 13. Under such circumstances,
when the structural panels thus formed are used in an
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access floor, the outer surfaces of said bracing flanges of 35

adjacent panels closely interfit in the overall access
floor.

From the foregoing, it will be seen that the present
invention provides a plurality of embodiments of struc-
tural panels which include the same and in which such
panels are relatively of light weight and embody optimi-
zation of support by utilizing the most effective
strength-to-weight ratio and structural efficiency and
embodying maximum resistance to deflection, as well as
resistance to indentation of the planar top sheet of such
panels due to the frequency of structural support there-
for by projections in the structural members included
therein. For maximum support of the planar sheets 20
by.projections 12 having truncated cones 11 in the sheet
10, it will be seen in the various illustrated embodiments
that additional single projections not comprising parts
of pairs thereof or of the basket weave patterns or
rhombus configurations are included in the sheets 10
and are similar to the projections in the patterns thereof
to occupy areas of sheet 10 which would otherwise not
offer desired support to the planar sheets 20 of the com-
posite structures and structural units of the invention.

TEST DATA

To demonstrate the significantly improved character-
istics and performance of the present invention, com-
parisons have been made with access floor panels dis-
closed in prior art and commercially available espe-
cially those discussed in prior U.S. Pat. No. 4,203,268.
Comparisons have been made on a “strength-to-
weight” basis, a “structural efficiency ratio” basis of the
structural unit and on the resistance to crushing each
described more fully below. The existing prior art panel
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has comparable resistance to flexure when loaded either
at the center of the panel and/or at the midspan of the
perimeter, but which require significantly greater mate-
rial by weight and/or depth of section. For the prior art
panel to have comparable performance, it would re-
quire additional material and/or greater depth of sec-
tion, thus demonstrating lower overall structural effi-
ciency which is needed to develop required moment of
inertia. By combining material mass weight savings,
thinner depth of section, and deflection performance,
the panels of the present invention demonstrate a
marked improvement in actual structural efficiency. In
the instance of the edge, the improvement is in excess of
21%.

Strength-to-weight ratio, in the context of the present
invention, is used to relate deflection under a given load
to the mass weight of the material. Expressed as the
following formula:

Deflection Unit #1
Deflection Unit #2

Mass weight Unit #1
X “Mass weight Unit #2

X 100

the result is a numerical performance ratio, expressed as
a percentage of access floor unit #1 (prior art) to access
floor unit #2 (present invention).

Data employed in the formula for the present inven-
tion is an average of 3 random samples taken from a test
run, and data for the panel of the prior art was derived
for U.S. Pat. No. 4,203,268.

The “structural efficiency ratio” is a comparative
ratio that relates deflection, mass weight, and section
depth. In essence, it is a measure of the efficiency of the
panel section in its utilization of the mass of the material.
Expressed as the following formula:

Deflection Unit #1
Deflection Unit #2

Mass weight Unit #1
X “Mass weight Unit #2

( )

the result is a numerical structural efficiency ratio, ex-
pressed as a percentage of access floor unit #1 (prior
art) to access floor unit #2 (present invention). As be-
fore, the data employed in the formula for the present
invention is an average of three sample panels taken
from a test run and the data for the prior art panel was
derived for U.S. Pat. No. 4,203,268.

The test method was identical for all panels tested.
Three panels were selected at random from a test run of
panels of the present invention and were tested. Each
panel was placed on rigid pedestal supports without the
use of edge stringers. Concentrated loads of identical
magnitude were applied to the center of the panel and at
mid-span of the perimeter. Deflection readings were
recorded from the bottom of the panel directly under
the load. All panels were reloaded with deflection re-
corded again. On each loading sequence, the permanent
set was also recorded.

The following chart expresses relative “strength-to-
weight” and “structural efficiency” ratios. The differ-
ences in these parameters are stated as a percentage
improvement of the performance of panels of the pres-
ent invention. it is to be noted that the present invention
had performances superior to the prior art panel. As a
base, the average weight of the panels of the present
invention was 173 lbs.

Section Depth Unit #1
Section Depth Unit #2
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EDGE CENTER

REF INDUSTRY SAMPLE STRENGTH STRUCTURAL STRENGTH STRUCTURAL
PATENT IDENTI- PANEL  TO WEIGHT EFFICIENCY  TO WEIGHT EFFICIENCY
NO. FICATION WEIGHT RATIO* RATIO* RATIO* RATION*
U.S. PAT. NO. TATE 20.25 +5.3% +21.2% +0.96% —~7.8%
4,203,268 ARCHI-
to GLADDEN TECTURAL
et al
May 20, 1980

*percentage change

As can be seen from the data, the present invention
demonstrates a dramatic improvement in overall struc-
tural efficiency and strength-to-weight ratios especially
on the edge over the prior art panel. The present inven-
tion offers a reduction in material usage over the panel
to which it was compared. It also provides improved
resistance to flexure when loaded -and utilized as an
access floor panel.

The resistance to crushing is the ability of the individ-
ual dome like projections in the structural panel to ac-
cept the localized compressive loads as would be expe-
rienced in an access floor panel without yielding locally
or catastrophically. To demonstrate this improvement,
individual domes were tested with and without the
addition of the truncated cone. More particularly, as
shown in FIG. 14, one curve represents the test results
on a dome as used in U.S. Pat. No. 4,203,268, a second
‘curve represents test results on a dome which was
deeper dimensionally than that used in U.S. Pat. No.
4,203,268 and a third curve indicates test results of the
present invention. It was then discovered that the pres-
ent invention, despite being deeper with the addition of
the truncated cone than the dome of U.S. Pat. No.
4,203,268, allows for much more desirable dome crush-
ing characteristics than might have been expected.

As can be seen from the data as one typical example
that the truncated cone reduces dome crushing of a
dome to a similar initial depth at a crushing load of 700
Ibs.. from 0.055” to 0.023"” or a 139% improvement.
Similarly for this exampleé it can be seen that the trun-
cated cone reduces dome crushing of a dome drawn to
the same final depth to resist the tendancy to crush from
0.062" to 0.023"” or a 170% improvement.

The foregoing specification illustrates preferred em-
bodiments of the invention. However, concepts em-
ployed may, based upon such specification, be em-
ployed in other embodiments without departing from
the scope of the invention. Accordingly, the following
claims are intended to protect the invention broadly, as
well as in the specific forms shown herein.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. A sheet of structural material comprising:

a pattern of dome-like projections extending from the
plane of said sheet and of which at least a major
portion of the configuration of each dome-like
projection is circular in plan view, said dome-like
projections in the plane of said sheet being ar-
ranged in a geometric pattern that substantially
limits the elongation of the material to the areas
defined by the substantially circular configurations,

at least one of said dome-like projections further com-
prising a truncated cone portion formed in a peak
area thereof having a flattened uppermost planar
surface parallel to the plane of said sheet, thereby
increasing overall depth and resistance to crushing.
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2. The sheet according to claim 1, further comprising
acircular wall wherein said flattened uppermost surface
of said truncated cone is connected to an adjacent upper
portion of said dome-like projection from which said
truncated cone is distended by said circular wall, said
circular wall being substantially S-shaped in cross-sec-
tion and developing a distinctness of contour which is
established such that it provides additional depth and
transfers compressive loads from said flattened upper-
most planar surface of said truncated cone to a portion
of the dome-like projection surrounding the base of said
truncated cone to the extent that first yielding in com-
pression occurs in said portion of said dome-like projec-
tion surrounding said truncated cone.

3. The sheet according to claim 2, wherein the ratio
of the diameter of said flattened uppermost surface of
said truncated cone to the diameter of said dome-like
projection is from 1:16 to 1:2 inclusive.

4. The sheet according to claim 2 or 3, wherein the
ratio of the overall depth from the lower surface of the
truncated cone to said plane of said sheet to the diame-
ter of said dome-like projection is from 1:4.28 to 1:2.14
inclusive.

5. The sheet according to claim 1, wherein the ratio
of the diameter of said flattened uppermost surface of
said truncated cone to the diameter of said dome-like
projection is from 1:16 to 1:2 inclusive.

6. The sheet of structural material according to
claims 1, 2, 5 or 3 in which said sheet is steel.

7. The sheet according to claim 1 or 5, wherein the
ratio of the overall depth from the lower surface of the
truncated cone to said plane of said sheet to the diame-
ter of said dome-like projection is from 1:4.28 to 1:2.14
inclusive. :

8. A sheet of structural material according to claim 1
further comprising a plurality of dome-like projections
in the plane of the sheet arranged in a structurally stra-
tegic geometric pattern in which rows of equally spaced
pairs of in-line dome-like projections are interwoven
perpendicularly with other such rows of pairs in a bas-
ket weave fashion so that the portion of a centerline of
a row of pairs of dome-like projections that lies between
two aligned pairs bisects the pairs thereof in transverse
rows and has sufficient pattern density to block straight
lines of clear vision repeatedly in all directions across
said sheet to form a one-piece rigid structural member
capable of resistance to flexure and the portions of said
member which are intermediately between said dome-
like projections comprising continuous structural rib-
bon-like stress sections of fluctuating width and arcuate
in plan view capable of optimizing stress resisting integ-
rity.

9. The structural member according to claim 8 in
which at least the majority of said dome-like projections
in plan view are also combined in groups of four ar-
ranged in a rhombus pattern and adjacent rhombus
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patterns being positioned in a close perpendicular bas-
ket weave orientation and thereby locating said projec-
tions to repeatedly block said clear lines of vision as
aforesaid.

10. The structural member according to claim 8
wherein all surfaces of said dome-like projections and
the junctures therof with said intermediate structural
stress sections in said original plane of said sheet are free
from sharp angles or bends, whereby there are no areas
of portions in said sheet which comprise corners or
other shapes which normally tend to pucker or other-
wise resist formation of smoothly stretched areas when
formed from a planar sheet and subjected to shaping by
dies.

11. A structural unit comprising a sheet of structural
material according to claim 1 having formed therein a
plurality of said dome-like projections of no greater
thickness than said sheet, said dome-like projections in
the plane of said sheet being arranged in a structurally
strategic geometric pattern in which rows of equally
spaced pairs of in-like dome-like projections are inter-
woven perpendicularly with other such rows of pairs in
a basket weave fashion so that the portion of a center-
line of a row of pairs of projections that lies between
two aligned pairs bisects the pairs thereof in transverse
rows and has sufficient pattern density to block all
straight lines of clear vision repeatedly in all directions
across said sheet, and the portions of said member
which are intermediately between said dome-like pro-
jections comprising continuous structural ribbon-like
sections of fluctuating width and arcuate in plan view,
capable of optimizing stress-resisting integrity and said
sections extending between the opposite edges of said
sheet and being capable of maintaining resistance of the
load stresses throughout said member and also capable
of being maintained in the stated shape thereof when
under stress by the circular configurations of said dome-
like projections preventing movement thereof, said
member being combined with a planar sheet fixedly
secured to the flattened uppermost surface of the trun-
cated cones of said dome-like projections, thereby pro-
viding a composite structural unit in which the optimi-
zation of support and resistance to crushing versus
strength-to-weight ratio and structural efficiency is
achieved, whereby when said planar sheet is subjected
to loading said dome-like projections serve as arches to
resist flexure and the truncated conical shape at the
uppermost surfaces of said dome-like projections pro-
viding resistance to crushing thereof.

12. The structural unit according to claim 11, in
which the pattern of said dome-like projection and the
formation thereof from said sheet produces resistance to
flexure in said structural unit which is substantially
isotropic when said unit is penetrated by an opening of
limited cross-section located inward from the edges
thereof, thereby substantially retaining its resistance to
flexure without directional weakness due to the result-
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i6
ing stresses in said unit when under load being redi-
rected around said opening.

13. The structural unit according to claim 11 in which
at least the majority of said dome-like projections in
plan view are also combined in groups of four arranged
in a rhombus pattern and adjacent rhombus patterns
being positioned in close perpendicular basket weave
orientation and thereby locating said dome-like projec-
tions to repeatedly block said clear lines of vision as
aforesaid.

14. The structural unit according to claim 11 wherein
said structural unit is of given finite size, the peripheral
edge of the portions of said original planar material
extending at right angles to said planar material to form
a continuous bracing flange around the periphery of
said structural unit, and means fixedly connecting said
planar sheet to said bracing flange and the upper sur-
faces of the upper ends of said projections to form a
rigid panel constructed to be supported selectively at
the edges or corners thereof and capable of sustaining
substantial uniform or concentrated loads without ap-
preciable deflection or permanent set.

15. The rigid panel according to claim 14 in which
said peripheral bracing flange has a greater transverse
depth than the height of said dome-like projections and
said peripheral bracing flange providing a perimeter of
increased strength, said perimeter having one portion
extending in the opposite direction to said projections
relative to the original plane of said sheet and an addi-
tional portion extending in the same direction as said
dome-like projections from said original plane of said
sheet. ‘

16. The rigid panel according to claim 14 wherein the
outer extremities of said edge portions of said formed
bracing flange are also bent outward at a right angle to
said flange to form a peripheral lip parallel to the plane
of said intermediate portions of said member between
said dome-like projections, and means fixedly connect-
ing said peripheral lip to said planar top sheet.

17. The structural unit according to claim 11 in which
said sheet of structural material and said planar sheet are
steel.

18. The structural unit according to claim 17 in which
said planar sheet is secured to said outer terminal ends
of said dome-like projections by welding.

19. The sheet according to claim 1, further compris-
ing a circular wall interconnecting said at least one of
said dome-like projections and said flattened uppermost
planar surface of said truncated cone for developing a
distinctness of contour which is established so as to
provide additional depth and transfer compressive loads
from said flattened uppermost planar surface of said
truncated cone to a portion of the dome-like projection
surrounding the base of said truncated cone to the ex-
tent that first yielding in compression occurs in said
portion of said dome-like projection surrounding said
truncated cone.

20. The sheet according to claim 19, wherein said

circular wall is substantially S-shaped in cross-section.
& * * * *



